In the present article, we have studied the Rabinowitsch fluid model for the peristaltic flow. The non-Newtonian nature of the fluid is analyzed mathematically by considering the Rabinowitsch fluid. The Rabinowitsch fluid model for the peristaltic flow is not discussed so far. This is the first article describing the features of Rabinowitsch fluid in peristaltic literature. The fluid is flowing in a uniform tube with the wave motion. Exact solutions have been calculated for velocity and pressure gradient. The physical behavior of different parameters for velocity, pressure rise, streamlines, and pressure gradient have been examined graphically. It is observed that when Weissenberg number is large then the relaxation time of the fluid is greater than a specific process time in which the pressure rise increases rapidly in the peristaltic pumping regions. Trapping phenomena have been discussed at the end of the article.
Introduction
In recent times, the study of the peristaltic flows has turn out to be moderately stimulating to numerous scholars because of its abundant claims in numerous twigs of disciplines, such as urine in the ureter, chyme in gastro-intestinal tract, semen in the vas deferens, and ovum in the female fallopian tube. Substantial exploration of this source has been conceded out in [1 -5] .
The prerequisite of extraordinary concert and extensive life comportments in industrial and systematic requests has amplified the use of non-Newtonian emollients. It has been exposed that the accumulation of slight quantities of long term polymer condiments (viscosity index improvers) to a Newtonian fluid yields a required non-Newtonian lubricant [6] . The extracts increase the viscosity index of emollients and rise their constancy by diminishing the compassion to the modification in shearing trauma with straining rate and updraft dissimilarity. These lubricants perform like pseudoplastic, dilatant, and viscoelastic fluids depending on the nature and quantity of the condiments. Nevertheless, the most of the lubricants supplementary with profitable flavors behave like pseudoplastic or dilatant lubricants, which have a substantial effect on the numerous recital possessions of appliance rudiments. Consequently, in command to envisage the concert physiognomies of the comportments and thus the appliance rudiments accurately, a more genuine lubricant prototypical is compulsory for the hypothetical examination. As the Rabinowitsch fluid prototypical fits the viscidness data over a extensive variety of shear frequency and its trial corroboration is accessible in [7] . The Rabinowitsch fluid lies in the category of pseudoplastic fluids, i. e another name for a shear thinning fluid is a pseudoplastic. Ketchup, whipped cream, and blood are examples of such types of fluids. Peristalsis is involved in vasomotion of small blood vessels, blood pumps in heart-lung machines etc, so we can say that the application of the Rabinowitsch fluid model in peristalsis is very useful in physiology and biomedicine. Analysis of presentation physiognomies of film lubricated departments with Rabinowitsch fluids is inspired [8 -10] . Some more recent article related to the topic are cited in [11 -25] .
Motivated by the above analysis, we have studied the application of the Rabinowitsch fluid model for the peristaltic flow. We have divided our manuscript in the following steps. Development of the problem is presented in Section 2 and 3. The volume flow rate condition is defined in Section 4. In the next section, exact solutions of the governing equations have been calculated for velocity, temperature, concentration, and pressure gradient. The physical behavior of different 
Formulation of the Problem
Let us consider the peristaltic transport of an incompressible Rabinowitsch fluid in a uniform tube. The flow is generated by sinusoidal wave trains propagating with constant speed c along the walls of the tube. The geometry of the wall surface is defined as where a is the radius of the tube and b the wave amplitude (see Fig. 1 ). We are considering the cylindrical coordinate system (R,Z), in which theZ-axis lies along the center line of the tube andR is transverse to it.
The governing equations in the fixed frame for an incompressible non-rotating flow are given as
whereŪ,W are the velocity components in the radial and axial directions in the fixed frame, respectively. ρ is the density of the fluid. In the fixed coordinates (R,Z), the flow is unsteady. It becomes steady in a wave frame (r,z) moving with the same speed as the wave moves in theZ-direction. The extra stress tensor for the Rabinowitsch fluid model is [7 -10] 
where α is the dimensional form of the parameter of pseudoplasticity.
The transformations between the two frames arē
whereū andw are the velocities in the wave frame.
Here we introduced the non-dimensional variables as follows: where λ and δ are wave length and wave number, respectively, p is the pressure, µ the fluid viscosity, and φ the amplitude ratio. Re is the Reynolds number. Using (6) and (7) in (2) - (5), the non-dimensional form of (2) - (5) is
Under the assumption of long wave length, i. e. δ 1, and low Reynolds number with reference [1 -5] , (8) - (10) take the form The longitudinal momentum equation (14) subjected to the boundary conditions S rz = 0 at the symmetry line r = 0 yields S rz = r 2 dp dz .
The corresponding boundary conditions are
Volume Flow Rate
The instantaneous volume flow rate in the fixed frame is given by 
whereh is a function ofZ andt. Substituting (6) into (7) and then integrating yieldŝ
is the volume flow rate in the moving coordinates system and is independent of time. Hereh is the function ofz alone and defined through (17) . Using the dimensionless variables, we find The time-mean flow over a period T = λ c at a fixedZposition is defined as
Invoking (17) into (21) and integrating, we obtain
which may be written as
The dimensionless time-mean flow can be defined as
We rewrite (24) as
Solution of the Problem

Exact Solution
The exact solution of (15) subjected to the boundary conditions (16a) and (16b) is given as w(r, z) = −1 + r 2 − h 2 4 dp dz
We can define the volume rate Q by
Substituting (26) into (27), we get h 6 K dp dz 3 + 6h 4 dp dz + 48h 2 + 96Q = 0 . (28)
Cardano's Formula
From the Cardano's Formula for the solution of algebraic cubic equation, the real solution of (28) can be calculated as dp dz
setting
in (29), we have dp dz 3 + a 1 dp dz
Cardano's Formula suggest that we assume there is a solution of (31) of the form dp dz = u
Using (32), we have
Solving above as done by Cardano, we have
Solving (36), we get
Now inserting u 1 and t 1 in (32), we obtain dp dz = u
where
The corresponding stream function can be found using the formula
The pressure rise ∆P is defined as
where dp dz is given in (38).
Numerical Results and Discussion
To observe the quantitative effects of the parameter of pseudoplasticity K, amplitude ratio φ , and flow rate Q for the Rabinowitsch fluid, Figures 2 -6 are plotted. The nature of fluid is Newtonian for the parameter of pseudoplasticity K = 0, dilatant for K < 0, and pseudoplastic for K > 0.
The effects of parameters on the pressure rise ∆P is shown in Figures 2a and 2b . It is observed from Figure 2a that when the parameter of pseudoplasticity K is large then the fluid will be more thin, and pressure rise decreases rapidly in the peristaltic pumping regions (0 ≤ Q ≤ 0.35), while in the augmented pumping region (0.36 ≤ Q ≤ 0.8) the behavior is quite opposite, i.e for the increase in K pressure rise decreases. When the wave amplitude is high, the fluid can move easily in the tube, so when we take the large values of wave amplitude, pressure rise increases in the pumping region (0 ≤ Q ≤ 0.7), and in the reverse pumping region (0.71 ≤ Q ≤ 0.8) pressure rise declines for increasing values of amplitude ratio (see Fig. 2b ), and on comparison with the Newtonian case, the dimensionless pressure rise decreases with the pseudoplasticity and increases with the dilatant nature of the fluid.
Figures 3a and 3b are prepared to see the variation of parameter of pseudoplasticity K and flow rate Q. It is observed that on comparison with the Newtonian case, the magnitude of dimensionless velocity increases with the pseudoplasticity and decreases with the dilatant nature of the fluid (see Fig. 3a ), similar behavior is observed with an increase in flow rate Q then the velocity field increases.
Figures 4a -4c show the behavior of the pressure gradient for different parameters. It is observed that for z ∈ [0, 0.5] and [1.1, 1.5] the pressure gradient is small, and large pressure gradient occurs for z ∈ [0.51, 1]. Moreover it is seen that with the increase in K the pressure gradient decreases (see Fig. 3a ). When we increase flow rate Q and amplitude ratio φ , the pressure gradient decreases for all cases (Newtonian, pseudoplastic, and dilatant fluid).
The trapping phenomena are presented through Figures 5 and 6 . It is seen that the size of the trapping bolus for a pseudoplastic fluid is greater as compare to a Newtonian or dilatant fluid. It is also analyzed that when we extend the amplitude ratio, the size of the trapped bolus increases but the number of trapped bo-lus decreases (see Fig. 6 ). For the validity of the present results, Table 1 is presented which gives a comparison of the present results with the existing literature. Table 1 shows that the results are in very good agreement.
Conclusion
The application of the Rabinowitsch fluid model in peristalsis is presented. The key points of the performed analysis are as follows: 1. The nature of the fluid is Newtonian for the parameter of pseudoplasticity K = 0, dilatant for K < 0, and pseudoplastic for K > 0. 2. When the parameter of pseudoplasticity K is large then the fluid will be more thin, and pressure rise decreases rapidly in the peristaltic pumping region.
3. When the wave amplitude is high the fluid can move easily in the tube, so when we take the large values of wave amplitude, the pressure rise increases in the pumping region. 4. It is observed that on comparison with the Newtonian case, the magnitude of dimensionless velocity increases with the pseudoplasticity and decreases with the dilatant nature of the fluid. 5. When we increase flow rate Q and amplitude ratio φ , the pressure gradient decreases for all the Newtonian, pseudoplastic, and dilatant fluid cases. 6. It is seen that the size of trapping bolus for a pseudoplastic fluid is greater as compare to Newtonian and dilatant fluid. 7. It is also analyzed that when we extend the amplitude ratio, the size of the trapped bolus increases but the number of trapped bolus decreases.
